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whose center was a t  a distance of ,750 mila, some 20 
hours before we received the Government notice of ita 
presence, and two days before the center reached us. 

On Thursday, August 22, of the present year we re- 
ceived our h t  notice from the United States Weather 
Bureau of a disturbance located to the southeast of 
Barbados. On August 23 we were warned b the local 

would probably reach us on Saturda morning. Friday 

our surprise not a trace of any hurricane lines could be 
found. The star image was “moulding,” however-that 
is to sa it looked as if it were being moulded by the 
Sngers f?kt in one place and then in another. This indi- 
cates local atmospheric disturbances. The seeing was 
poor, 6, later dropping to 5 on a scale of 12, but was not 
extremely bad, such as is the case in the vicinit of a 
hurricane. We therefore retired considerably rJeved, 
in spite of the warnings. The next day the sky was 
heavily overcast, but with no rain and only moderate 
winds, and we were informed by the Umted States 
Weather Bureau that there was no definite information 
as to the location of the disturbance. As it turned out 
the hurricane either had not developed or had taken a 
more northerly course. 

From this we conclude that teleaco io observations 

of tropical storms, not only to foretell their approa 
and the direction of their motion, but slso sometimes to 
inform us that other indications are not to be trusted. 

bureau to take all possible precautions as the (9 isturbance 

night was clear, and we hastened to t 1 e telescope, but to 

c% 
of the kind described are of value in the s ocal forecastin 

OCEAN TEMPEBATUBES IN LONG-RANQE FOBECASTWQ. 

By GEAELES F. BEOOKS. 
[Paper m t e d  at the Bsltlmom meeting of the Assodatlon of American Geogrephers. 

Dec. 28,19lR] 

manifest. For  example] a sensible departure from the 
average value of the vast amount of stored heat carried 
through the Florida] Straits might have profound effects 
on the weather of the following montha on the European 
and North American Continents.” 

These two sentences by Dr. Hans Petterson’ lod me 
to compare monthly de artures of air tem erature a t  

Gulf Stream. Encouraged by the results I extended 
the inveatigation backward mto the make-up of the 
Gulf Stream and Antilles Current, forward mto the 
movement of the Gulf Stream Drift, and the effects of the 
Labrador Current, and upward into the infiuence of 
water temperatures on the overlying air. A report on the 
preliminary results ‘ust a year ago led to the active 
cooperation of the heather Bureau in mapping more 
data, and later the Signal Corps offered additional hel . 

Let me outline the general basis which seems to mal!e 
worth while the contem lated extensive invest’ ation 

poeeible (1) to forecast the hstribution of s ace water 
temperature a few weeks in advance it may prove 
osslble (2) to forecast the general pads  which wdl be 

followed by cyclones and anticyclones; and then (3), 

stations in the eastern i; nited States with & 088 in the 

3 of ocean temperatures in f ong-range forecas . 3% it is 
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from the winds which will result, to make long-range 
forecasts of the general weather to be expected m any 

eriod. Let us consider each of these points more in 
Xetail. 

1. How do water m$we temperature departures origin& 
cr.nd move? 

Insolation and radiation are the most important 
factors in the general heatin and cooling of the ocean 
surface. The temperature o f the air is of little come- 
quence in the heatm and still less in the cooling, of the 
ocean surface, for t f e specific heat of water per unit 
volume is about 3,300 times that of air under ordinary 
conditions. 

Departures of the temperatures of the sea surface from 
the normal are almost wholly the result of variations 
in wind direction and velocity. Helland-Hansen and 
Nansen have shown in their recent book3 that in 
middle latitudes of the Atlantic the wind direction is 
largely responsible for the occurrence of plus and minus . 

a winter month . 
with the prevailmg wind north FolloT of e normal over any 
temperature departures. 

r ion, the water temperatures are almost invariabl 
bzow normal, while a month with prevailing win d s 
south of normal is followed in the next by water tem- 
perat- above normal. The air temperature, of course, 
shows slmilar, thou h greater and more immediate, 

or warmness of the water 
is probably dependent more on transportation of water 
from colder or warmer latitudes than on the cooling 
or warming by the wind which is dri- it. At any rate 
the evaluation of each factor is of little consequence 
for both act to roduce the same result. 

in the Tropics, where chan es in direction are of little 

for a period, the warm la er of surface water is driven 
forward and concentrated in the Equatorial Current, 
where it forms a plus departure in tem erature. The 

subsurface water, makin a minus de arture. Under 

followed by that of minus moves slowly westward. . 
Using Hepworth’s data,’ I found tha+ most months of 
unusudy strong northeast trade winds in the eastern 
Atlantic are followed in 4 to 6 months by plus departures 
in the temperature of the surface water passiy, through 
the Straits of Florida, and in 8 to 11 months y minus 
de artures. The southeast trade in the eastern 
Atfantic, act? through the South Equatorial Current, 
part of which eeds the Gulf Stream, roduces a similar 
plus and then minus departure in the 5 traits of Florida, 
6 to 9 and 10 to 14 months, respectively, after the month 
of unusually strong southeast trade. 

What happens to these waters of varying tem erature 
HS they debouch into the Atlantic? The strengg of the 
Gulf Stream carries them forward to the region south of 
Nantucket within a month; but their identities are not 
lost for several months more in the case of water markedly 
warmer or colder than usual. In fact, in spite of the 

effecta of shfiting winds of varying strengths, 

the &If Stream, Antilles Current, or Labrador Current 
are discernible many months later on the coast of Europe, 
especially when the water has made most of the transit 
in the quieter months of the year. h m  the Straits of 

departures. The codness H 
’ 

The effect of c E anges in wind velocity is most noticeable 

or no effect. When the tra d e winds are unusually strong 

place of this warm surface sheet is ta % en by cooler 

the influence of the win % the area o P plus departure 

man O b l i t e r a 9  of t e water temperature departures observed in 
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Florida to the edge of the European continental shelf at  
about latitude 50 degrees, the temperature departures 
take 8 to 10 months. The effects of changes in the 
Labrador Current on the Grand Banks take equally long. 
But the departures in the Antilles Current east of the 
Bahamas take but 5 to 7 months to cross the A h t i c .  

Think of the travels of an im ortant plus temperature 

North Atlantic. Originating, perhaps, in the eastern 
Atlantic during a month of strong trades (the strength 
of which may still farther back depend on the water 
temperature distribution) and proceeding across the 
Atlantic, many of these tle arturea in the c o m e  of 4 to 6 

Euro e. Thence some of the important departures may 

15 months still later. In spite of the great complexities 
introduced by chan g mnds, it is evident that there 

surface tem eratures. 

pressure and w i d  1 
It is a matter of common knowled e that in autumn 

are marked by low pressure areas because of their 
warmth, and in spring and summer by high ressure 

than the land Man investigators have shown that 

temperature dlstributions are marked by corresponding 
presswe features. As weather forecasters well know, .the 
mdividual cyclones tend to follow paths across the wanner 
regions and to be intensified where there are sharp con- 
trash in tem erature; and the anticyclones tend similarly 
to follow pa& across the colder regions and to maintain 
the hi 

LOW moves back and forth between southern Greenland 
and the Norwegian Sea in response to the changing dis- 
tribution of water tem eratures induced by ita own 

southwest winds in the eastern Atlantic brin warm air 

winds along the Greenland coast bring cold water south- 
ward. The rise of temperature in the eaat and the fall 
in the west favor a fall of pressure in the east and a rise 
in the west. Consequently, the center of lowest pressure 
moves eastward. But when the Iceland LOW is centered 
in the east, the northwest winds west of the British Isles 
drive cold water toward the coast of Europe; while 
farther north, warm water is being driven westward. 
The resulting coolin in the east and warming in the 

first position; and the cycle begins anew. 
The general circulation of the atmosphere favors high 

ressures in latitudes 25O to 40’ and low pressures between 
gtitudes 50Oand 650. The particular locations of the 
permanent and semipermanent centers of high pressure 

the low-latitude belt; 

intensities of these centers of action seem to be functions 
both of the strength of the general circulation and of the 
temperature contrasts in approximately the same lati- 
tudes. 

departure, for instance, between P atitudes 5O and 45O in the 

months ass through the B traits of Florida; and in 8 to 
10 mon t i  s more they may be felt off the west coast of 

comp P ete the circuit and appear m the Straits of Florida 

are possibilities of B“ orecasting the distribution of ocean 

2. Hcrw c? o these ocean temperatures control amspheric 

and winter in middle and high latitu f es bodies of water 

areas in the re ions where the water is appreclab P y colder 

this is true for particu 7 ar months, and that peculiar water 

est pressures over the coldest parts. 
J. P etersen has described in detail how the Iceland 

winds.’ When the IC ep and LOW is west, the strong 

and drive warm water far northeastward; wh’ d e northerly 

west favor a return o f the center of the Iceland LOW to its 

are likely to be the coldest 
while the centers of general 
in the warmest spots of 

im Golf Strom und deren Besiehung L n a ~ T B m ~ e 2 ~  u. Mar. Met. 1910# 3dm47,2 PIS. 

3.  W h t  weather occurs with winds which accompany any 
pressure type ’4 

A bod of unusually warm water coming through the 

the western Atlantic south and east of ew England 
makes a very favorable region for cyclones. In conse- 
quence, we experience such unusual cold and snowy north 
and northeast winds as made the snowy winter of 1915-16 
famous in the Middle and North Atlantic States.K InFeb- 
ruary, March, and April, of 1916, many cyclones approach- 
ing the Atlantic coast passed ertstward, out to sea; 
became intense over the warm water, and then weakened 
over the cooler water bey0nd.O Thus, we have the para- 
dox that an unusually warm Gulf Stream favors cold 
weather in the eastern United States, while a “cool” 
Gulf Stream favors warm weather? 

For the different pressure types the weather is well 
known, both in Europe and in this country; so, if the 
robable position and strength of the center of action can 

!e forecast the details will follow easily. 
It is evident that general answers of a favorable kind, 

even though not h d y  established, are already at  hand 
for the three uestions, and that much work has already 

8 Straita o 9 Florida, as in January, 1916, on s reading over 

been done. P t remains to coordinate these results and 

days; (4) o throu h the round a few times more; (5) as 

sequences on previous occasions followb similar original 
pressure and water-temperature assocmtions. Longer- 
range, more general forecasts might be made by watching 
closely the Gulf Stream in the Straits of Florida and the 
Japan Current off Formosa. 

some kin2 of a c g;l eck compare the results with the 

POSSIBLE APPLICATIONS TO THE NORTH PACIFIC REQION. 

[Conclusion of a paper on “PosSibiU~es of, Long-Ranga 6easonal Weather Fomcast~ 
Based on Ocean Temperatures. With Espemal Referem to an Investig8tIon of the 
North PaclRc” read at the ckerence on this subject durin the dcemtendal 
celebnrtlon of ’the h d m g  of the uluversity of c~li~omia, w. L, i9is.i 

The first steps for an investigation of the North PacSc 
Ocean, in particular, would be to procure plenty of cur- 
rent atmospheric pressure and tem erature daf;a. The 
area is so vast that If we axe to Yl ave a sabfactory 
6Cf. New England 6nowfd1, M. W. R., June, 1917, 46P1-285, and QftW. W., 

Msr 1917 3:!222-240. 
@ &a t d  discuasirm of the marlne data for November 1917 on ohart IX and p. 638 of 

this issue of the Revlew for a somewhat similar occ-de of a southwestward dis 
placement of the Iceland LOW over an area of unusually hlgh water temperatures. 

I OI. The “Old-FEShl~d” Winter of 1917-lS, Qeogr. W., 191% 5 405414. 



icture of the weather and water conditions of the Pacific 
gcean, all shi s and all lighthouses operating in this 

and atmospheric pressure observations. These observa- 
tibns should be made available within a month of the time 
they are taken, if possible a t  some international estab- 
lishment where they can be used immediately for the 
construction of maps. -4t this bureau, there could be a 
corps constantly engaged in mapping the data, getting 
averages for 10-day and 30-day maps, and makmg the 
computationa necessary for the construction of forecast 
ma s. 

8 n  the research side a profitable beginning has been 
made by T. Okadae and others in their investigations of 
weather correlations in the Pacific re ion. In closing, I 
wish to call attention to the desirabi 7 ity of applyinm to 
the Pacific certain correlations which have been woaed 
out for the Atlantic Ocean. P. H. Gall6 is now making 
winter temperature forecasts for central and western 
Europe on the basis of the stre mth of the trade winds 
during the receding May to 8ctober.D February to 
March and &arch to A y l  temperatures for the same 
region are indicated fair well by the pressure gradient 
between Copenhagen an Stykkisholm during the pre- 
ceding September to January, inclusive, or by the 
December water or air temperatures on the middle 
Norwegian coast.’O The summer temperatures in all the 
Baltic region are indicated by the wmter temperatures 
of the water about Iceland; and the eneral character 
of the A ril to September rainfall a t  % erlin, a t  least, is 
indicatef b the Thorshavn rainfall of the preceding 
January to &arch.’l 

Expressed in terms of the Pacific. region, these correla- 
tions would be as follows: The departures of the strength 
of the trade wind from the normal at Hawaii during the 
period May to October (perhaps earlier) may indicate a 
departure of the same si in British Colombia during 

sure gradient between Seattle and Dutch Harbor, 
September to January, inclusive, or the December air 
or water temperatures on the coast of southern Alaska 
when compared with the corresponding values of the ear 
before ma give a direct indication of the coming Feb- 

to those of the same periods of t i e  year efore, which will 
probably have a chance of verification greater than SO 
per cent in the region west of the continental divide and 
north of the forty-second parallel. Final1 , the winter 
water temperatures at Dutch Harbor, anJ the  January 
to March rainfall on the south Alaskan coast may give 
for the following summer a direct indication of the tem- 
perature and ramfall, respectively, for British Columbia 
and Washington. 

These are, necessarily, rather generalized weather indi- 
cations; and in themselves may not be of much use. 
They are, however, convenient as starting poinb for the 
many yeam of investigation which lie ahead of us to 
detemne what the meteorological conditions of the 
North Pacific are, and how they may be used for malung 
seasonal forecassts for the bordering lands, and with the 
help of Atlantic conditions, perhaps for the whole of 
North America. 

region should ?I e equipped to take water temperature 

the months December to !r ebruary following. The pres- 

ruary to a9 arch and March to A ril tern eratures relative P g  

B Journ a6.teordo9leal Soc of J a y  December 1915, May and June, 1917; also, Y. 
W. R., li16,U: 17-21 23&24b: 191 , a’: 290-3300, &536. * ‘cOn the relntlm b e t m n  the summer rhmges 01 the North Atlantic trade winds 
and wmtar tam rature in Europe.” Proc. Amsterdam Roy. Acad. of &I., vol. I& 
1916 p. 1435-14s. 

10 #. Meinardus “Ueber e in i s  meteorol~ische,,Bezleh~n z w k h e n  dem Nord- 
atlantischen 0ze.m m d  Euro im Wlnterhalbahr. Met %its 1896 2 pl p 85-104 

11 H. H Hildebrsndirson &el ues rechercim sur les ‘eentrei dJah0a‘’& i’atmoi 
p l m ~ . ~ ’  ir. (last). Kungl. Svm&a. Vetemkapaakad. Handl. Bd. SI, No. 8, 1914, 
18 PP., ia pi. 
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OCEAN TEMPERATUBES AND SEASONAL WEATHER IN 
SOUTEEEN CALIFOBNU. 

By War. E. R ~ E E  and GEO. F. MCEWEN. 
(Extracts from open letter, dated La Jolla, Cal., NOT. 9,1918.) 

So much does the well-being of the people of California 
and the whole western United States depend on the 
amount of precipitation and its time of occurrence each 
season, that even small, if trustworthy, [advance] indi- 
cations would be valuable. 

The researches on the ocean water off the coast of 
Southern California prosecuted bv the Scrip s Institution 
durin the last 10 years, cou led with 8nited States 

light somewhat suggestive facts. 
Stated very bnefly, they are these: During July, 

Aumust, September, and October, 1917, the’teni erature 
of h e  sea at the institution averaged about 5’ l! higher 
than for the same months of the precedin nine years, 
and the force. of the northwest ocean wind 9 or the same 
time was about 20 to 30 per cent below the average. 

These esceptional conditions of water and wnd were 
followed, as is well known, by exceptional weather 
conclitions of the ensuing winter months. There was 
almost no rain until January, 1918, and the total pre- 
cipitation was low for all California. 

The conditions of sea and wind for suninier and fall 
nionths of 1918 have re eated in essential features the 

As to the character of the data, there can be no question 
so far as concerns the sea temperatures a t  La Jolla for the 
period of February, 1916, to the present (November, 
1918). Six teni eratures a day, distributed evenly 

Sundays, are taken at  the outer end of the institution 
pier; that is, where conditions are almost typically 
oceanic. In addition to this extensive and systematic 
series of temperatures man are taken at numerous 
stations near shore, and o B shore to a distance of 75 
to 100 miles from Point Conception to far south of 
the United States-Mexico boundary line. For the 
time previous to the completion and utilization of the 
pier, all temperature observations were of the dis- 
tributed, intermittent kind, though in the aggregate 
lar e numbers were made.* 

‘fhe defectiveness of the data in this case is the small 
nuiiiber of years and the narrow area over which the 
observations extend. To give such data high predictive 
value, they would have to be estended over many years 
and over a far larger portion of the ocean. 

As to the question of whether there are known cases 
elsewhere of connection between peculiar weather con- 
ditions on land and eculiar conditions of the ocean, 
it is to be said that wh 8 e knowledge in this field is exceed- 
ingly mea er, some of what we do possess indicates 
stron@y t Q e existence of such connections, and that 
investigations carried on lon enough and widely enough 
will make possible season3 and long range weather 
forecasting on the basis of a combination of atmospheric 
and oceanic observations much as daily forecasts are 
now made from observations on the atmosphere alone.’ 

Weat a er Blireau records for t ?l e same time, bring to  

conditions of those mont R s for 1917. 

through the 24 R ours, every day in the year except 

* Cf. Summa and lpter etation of hymraphlc obsmatlons made b the Sori 6 
Institution for%lological gaesrch 01 the Unlv. of California, 1908-1915. h v .  of&. 
Pubs. In Xool., Dec 8 !916 v. I(: !255-356, 1s. l-)S.--Ed 

1 Those who wouidhke further informatfm relative tdocemlc condltlms and thdr 
relstion to. the weather will find a popular treatment of thew subjects in Bull. No. 7, 
oI the Scrz$  Institution Ior Biological Rmsesrch of the Unlverslty of Calllornia, at 
La Jolla a b Ow e F YcEwan oceanographer entitled: “ O ~ n l c  ClrculatloU 
and Its bear:’ ?Jpon%tt&pts to dake Seasonal h t h e r  Fwearats. a Sketch of 
Obsmatione%ethoda and Explanetlous.’’ The p“p” Is now In the press and wlll 
soon berendyfordbtribution bytheSorippsInstitu Ion. 


